. Evidence has shown the importance of SPT in minimizing long-term tooth loss and controlling disease progression and relapse (Renvert & Persson 2004) . It has been strongly suggested that chronic periodontitis progresses in patients, who drop out during non-surgical therapy and in those, who discontinue or not comply with SPT (Kocher et al. 2000 , König et al. 2001 , 2002 , Fardal et al. 2004 , Miyamoto et al. 2006 , Fardal & Linden 2008 , Lorentz et al. 2009 , Costa et al. 2011b , Ng et al. 2011 ).
Different social, behavioural, cultural and economic factors as well as personality traits have been identified as determinants of compliance pattern during periodontal maintenance (Mendoza et al. 1991 , Demetriou et al. 1995 , Ojima et al. 2005 , Lorentz et al. 2009 , Costa et al. 2011a . Recently, it has been shown that, although an acute chief complaint was a positive prognostic factor for non-surgical periodontal therapy patient acceptance, it was a negative predictor for its completion (Yeh & Lai 2011) . Furthermore, several studies have investigated the role of dental referral in a patient's periodontal compliance (Fardal et al. 2003 , Dockter et al. 2006 , Fardal 2006 . One of the main reasons for quitting maintenance in the periodontal office was the fact that patients tend to return to their own general dentist for supportive therapy (Fardal 2006) . Lastly, additional factors such as a patient's age, gender, periodontal condition and treatment undertaken have been also shown to affect compliance (Demirel & Efeodlu 1995 , Anneken et al. 2001 , Ojima et al. 2001 , Fardal et al. 2003 , Soolari & Rokn 2003 , Famili & Short 2010 .
On the basis of the above, we hypothesized that patient demographic, medical and dental characteristics (age, gender, smoking habits, systemic health condition, severity of periodontal disease, chief complaint and type of referral) may affect the compliance with non-surgical and supportive periodontal therapy. Thus, the aim of this study was to identify predictors of non-surgical periodontal therapy (initiation or completion) as well as supportive periodontal therapy (SPT) compliance.
Materials and Methods

Study population
This study was conducted in a private periodontal practice in accordance with the principles outlined in the Declaration of Helsinki. Due to the retrospective nature and the minimal risk for human subjects ethical approval from the Hellenic National Bioethics Commission was not necessary. All electronic dental records from consecutive patients, who visited the periodontal practice in 2005 and 2006, were extracted, de-identified and analysed for an observation period, which ended in July 2011 (5.5-6.5 years). Patients, whose records were included in the study, were either self-referred or referred by other specialists or by general dentists. Diagnosis was made after consideration of the clinical periodontal examination in combination with radiographic examination (full-mouth periapical radiographs or panoramic radiograph). Included were thus new adult patients (>18 years old), who (1) visited the practice for the first time within this period, (2) were diagnosed with periodontitis or gingivitis and (3) were resuming periodontal treatment, whereas past treatment was performed by another periodontist. Excluded were patients, who (1) had incomplete records, (2) were resuming periodontal treatment and past treatment was performed in the same practice, (3) were referred for a "prescription" periodontal surgery such as crown lengthening, implant surgery or tooth extractions, (4) had developmental or acquired deformities and conditions and (5) were referred for full-mouth tooth extractions. Emergency treatment was provided as needed. Referral to other specialists was arranged when inter-disciplinary treatment was required.
Demographic, dental and medical survey
All patients had undergone a standardized procedure that included questionnaire survey on medical, dental history and chief complaint. Patient's age and gender were recorded. Systemic health condition was classified according to the American Society of Anesthesiologists Physical Status (ASA-PS) classification system and modified by dental considerations (Maloney & Weinberg 2008) . In brief, a systemically healthy patient was defined as P1, a patient with mild systemic disease as P2, one with moderate systemic disease as P3 and one with severe systemic disease that is constant threat to life as P4. Smoking habit was sufficient to classify a patient in P2 category. Both P2 and P3 categories include patients with diseases under medical control, in contrast with the P4 category. P3 category represents severe diseases and requires medical consultation.
On the basis of smoking, patients who smoked from one to 10 cigarettes daily were classified as light smokers, whereas those, who smoked over 10 cigarettes per day were classified as heavy smokers. Periodontal referral was defined as a patient who was referred by other dentist. Symptoms (such as bleeding when brushing) causing discomfort for a prolonged period were classified as chronic symptomatic chief complaints (CCs). Symptoms occurring within a few days and constantly interfering with daily functions (i.e. toothache, abscess), were classified as acute CCs. Another reason for the periodontal visit was classified as asymptomatic CC.
Diagnosis of periodontal disease
Periodontal diagnosis was based on probing depths of six sites per tooth in a full-mouth examination. Periodontitis was classified as severe periodontitis, when there were at least two pockets of 6 mm or more in inter-proximal areas (not on the same tooth) and moderate periodontitis when there were at least two pockets of 5 mm in inter-proximal areas (not on the same tooth) (modified from Page & Eke 2007) . Lastly, the cases of neither "moderate" nor "severe" periodontitis, were classified as gingivitis or mild periodontitis.
Periodontal treatment compliance definition
All patients were treated by the same periodontist (E.A.) and they were mostly self-funded. Patients, who did not consent to periodontal treatment were considered untreated. Patients complying with at least one appointment of periodontal therapy were considered treated. These patients were further divided into two subcategories: (a) patients, who completed treatment if they complied with all appointments of phase I periodontal therapy, including oral hygiene instructions, scaling and root planing and periodontal re-evaluation in 6 weeks post-active treatment and b) patients, who did not complete treatment if they missed any of the above appointments.
Supportive periodontal treatment compliance
In terms of supportive periodontal treatment compliance, patients were defined as compliers when their SPT appointments were repeated within 6 month intervals, whereas in any case that the inter-appointment interval was greater than 6 months, they were classified as erratics or non-compliers. Patients, who followed maintenance for a limited period of time, were classified as "patients who abandoned maintenance". Finally, the total period of a patient's regular attendance as well as the overall follow-up was recorded. More specifically, we defined the following compliance categories: (1) No Tx = Phase I therapy was never initiated, (2) Initiated Tx = Phase I therapy was initiated but never completed, (3) Completed Tx = Phase I therapy was completed, (4) Initiated SPT = SPT was entered but abandoned, (5) Erratic SPT = SPT with erratic attendance and (6) Regular SPT = SPT regular attendance until the end of the observation period.
Statistical analyses
Prior to all analyses, normal distribution was tested for all variables. Variables that were not normally distributed were logarithmically transformed. All parametric data were compared with one-way ANOVA with post hoc Bonferroni analysis for paired group multiple comparisons. Similarly, non-parametric data were compared with Kruskal Wallis test with post hoc tests adjusted for paired group multiple comparisons. Initiation of non-surgical periodontal therapy, completion of non-surgical periodontal therapy and duration of SPT attendance were used as dependent variables in separate univariate models designed to determine crude correlations as well as to facilitate the predictor variables selection for the multivariate analyses. A p-value of 0.2 was used as the cut-off value for a variable to enter the multivariate regression model. Furthermore, a multivariate linear regression model, restricted to patients on SPT (n = 218) was performed using as dependent variable the time patients remained on maintenance. Tests were declared statistically significant at p < 0.05. All analyses were conducted with a statistical SPSS software package (IBM, v. 19 .0, Armonk, NY, USA).
Results
A sample of 427 patients was included in this study of whom 242 (56.7%) females. The average age was 48.3 ± 12.79 years. One hundred and fifty-two (35.6%) were self-referred and 275 (64.4%) were referred. The frequency and distribution of CCs were as follows: 152 (35.6%) subjects having asymptomatic CCs, 208 (48.7%) having chronic symptomatic and 67 (15.7%) having acute symptomatic CCs. There were 256 (60%) non-smokers, 56 (13.1%) light smokers and 115 (26.9%) heavy smokers. For systemic health conditions, 146 (34.2%) were P1, 276 (64.6%) were P2 and 5 (1.2%) were P3. The descriptive characteristics of the sample are shown in Table 1 .
Overall, 352 (82.4%) subjects suffered from severe periodontitis, 35 (8.2%) from moderate periodontitis and 40 (9.4%) from mild periodontitis or gingivitis showing a statically significant difference in a between-group analysis (p = 0.03) ( Table 1 ). More specifically, the post hoc analysis revealed that the statistical significance emerged in the comparisons of the groups "Initiated Tx" with "Completed Tx" (p = 0.01) and "Erratic SPT" with "Regular SPT" (p = 0.04). Seventy-four patients (17.3%) never initiated phase I therapy, 46 (10.7%) initiated but did not complete phase I therapy, 89 (20.8%) completed treatment but never entered SPT (Table 1) . Of the 218 SPT patients, 123 (56.5%) stopped maintenance after a mean period of 20 months (data not shown), 72 (33%) were erratic attenders (with at least one interval between maintenance appointments >6 months) and 23 (10.5%) were regular attenders until the end of the observation period (Table 1) . Patients became erratic attenders, after a mean period of regular attendance of 18.1 ± 16.2 months, whereas 49.6% of the patients who stopped SPT were regular attenders until the time they stopped (data not shown).
In a univariate correlation model, none of the independent variables emerged as significant predictor of initiation of periodontal treatment (data not shown) (p > 0.05). However, when examining therapy completion, periodontal disease severity showed a positive statistically significant association with treatment completion (data not shown) (p = 0.011, r = 0.212). The univariate analysis with SPT duration as dependent variable revealed statistically significant negative association with smoking and systemic health condition (Table 2 ) (p = 0.008 and p = 0.012 respectively). Following a multivariate linear regression analysis, smoking emerged as a significant negative predictor for SPT duration (Table 3 ) (p = 0.047).
Discussion
This retrospective study was designed to evaluate compliance of periodontal patients in a private practice in Athens, Greece and to investigate the "risk profile" of the non-compliant patient. The results indicated a poor compliance of the population with a mean period of SPT attendance of 20 months. Severity of periodontal disease at the time of diagnosis was positively associated with the completion of non-surgical periodontal therapy, whereas smoking was a negative predictor of the time a patient remained in maintenance.
Of the 427 patients only 218 entered SPT, which was approximately half of the sample. Furthermore, 56% of the 218 patients who entered SPT stopped maintenance and only 10.5% were regular attenders until the end of the observation period. Thus, in this Greek population, periodontal compliance was found to be low. The importance of this finding was underlined by the relatively short observation period of up to 6.5 years, which was sufficient enough to provide these results. In an earlier Greek study (Demetriou et al. 1995) , a higher compliance was observed (27.4%). However, there are some methodological differences that might explain this discrepancy. First, the criteria of erratic attendance in this study are stricter than those of Demetriou et al. (1995) . At least one interval between maintenance appointments >6 months is sufficient to characterize a patient as erratic attender, whereas in the study by Demetriou et al. (1995) patients were characterized as regular attenders when they attended for more than 80% of the recommended appointments. Second, unlike our study, the study by Demetriou et al. (1995) included only patients, who had proven to be compliant by completing phase I therapy. This study included all consecutive periodontal patients regardless of their decision to proceed with periodontal therapy. When our analysis was limited to patients who completed first phase therapy, compliance approached more the previously reported frequencies but still remained in lower levels. In conclusion, both studies reveal the need of oral public health education programs in Greece to enhance the compliance of the population with regular dental care.
In our study, patients who stopped maintenance or became erratic attenders did so after a mean period of approximately 18 to 20 months. According to the latter, the early stages of SPT seem to be the most important period for a patient to understand the necessity of maintenance. Similar results were shown in the study of Checchi et al. (1994) indicating that the first year represented the critical period for subjects to decide whether to follow recommended maintenance therapy. Consequently, reinforcement of motivation has been shown necessary not only during initial treatment but especially in the first years of maintenance. Of the patients who stopped SPT, 49.6% were regular attenders until the time they stopped. This finding indicates clearly that SPT compliance may be difficult to predict and, consequently, emphasizes the fact that every patient should be addressed and motivated as a possible "drop out".
Patients' chief complaints (CCs) at their first periodontal visit in the study of Yeh & Lai (2011) were associated with their ultimate compliance to basic periodontal therapy overriding other factors. Acute symptomatic CC could be a positive predictor to initiate periodontal treatment, but a negative predictor to complete treatment. In this study, acute CC was not found to affect neither the initiation nor the completion of treatment.
No significant relationship was observed between compliance and gender, confirming earlier reports by Mendoza et al. (1991) , Checchi et al. (1994) , Ojima et al. (2001) and Fardal et al. (2003) but contrasting other studies such as Soolari & Rokn (2003) and Famili & Short (2010) , which indicate that females are better compliers.
Similarly to the observations of Glavind (1986) , Mendoza et al. (1991) , Fardal et al. (2003) and Ojima et al. (2001) but contrary to Checchi et al. (1994) and Demetriou et al. (1995) , age did not significantly influence the pattern of SPT compliance.
Significant relationship was not established between periodontal status and compliance with SPT as previously reported (Checchi et al. 1994 , König et al. 2001 , Fardal et al. 2003 . However, disease severity was positively associated with the completion of non-surgical therapy. It should be underlined, that although the mentioned association was statistically significant the strength of this relationship was modest (r = 0.212). Furthermore, in accordance with Mendoza et al. (1991) , smoking status was found a borderline statistically significant negative predictor of SPT compliance (p = 0.047). The results indicate that smokers might comply less favourably than non-smokers. This observation, in combination with the well-established role of smoking in the periodontal disease progression (Lorentz et al. 2009 ), underlines the special attention that should be drawn for smokers.
The main strength of this study was the large sample size of a private practice population treated and maintained by one single periodontist (EA). Therefore, any operator bias was eliminated. However, the principal finding of very low compliance to recommended therapy raises the issue to analyse the high dropout rate. Fardal in 2006 by interviews and assessments of returning non-compliant patients revealed that the main reason for noncompliance was the referral system between dentists and specialists. In this study, dental referral did not emerge as a significant predictor of compliance. It would be of interest to further survey the reasons of drop out to have a better insight on the risk factors of compliance. However, such information was not available and a different study design would be necessary to accomplish it.
One limitation of this study originates from the lack of socioeconomic data for the patients included which might have biased the results (Oppenheim et al. 1979 , Demetriou et al. 1995 . However, the majority of the subjects who have visited this specific private practice were residents of the surrounding suburbs representing the Greek middle class.
Another limitation may be deriving from the definition used for periodontal diagnosis. The authors recognize that as stated in the consensus report of the 5th European Workshop in Periodontology (Tonetti & Claffey 2005) : (a) periodontitis cannot be reflected by measurements of a single variable and (b) attachment loss represents the cumulative experience of periodontitis and should be the primary variable used in studies evaluating risk factors. Although more periodontal parameters (attachment level, bleeding on probing, radiographic bone level) should be combined for an accurate diagnosis, unfortunately, additional periodontal variables were not always available for all the individuals. Thus, the present definition of periodontal disease might have led to overestimation of disease severity.
The sample population presented a wide age range and a variety in the periodontal disease diagnosis. Thus, the interval of 6 months in the determination of erratic attendance has been questioned by recent meta-analysis (Riley et al. 2013 ) and certainly may not be applicable to every individual. As modern dentistry evolves towards personalized approaches, an individual risk assessment based on systemic, environmental, genetic and periodontal parameters should be developed. Obviously, the retrospective nature of this study did not allow for this personalized dimension in individuals diagnosed with periodontal diseases (gingivitis or periodontitis).
Finally, studies evaluating risk factors, progression of disease and tooth loss during supportive periodontal therapy (Axelsson et al. 2004 , Matuliene et al. 2008 ) have traditionally used longer follow-up periods than this study. Thus, it would be of merit to conduct studies on supportive therapy compliance extending in similar observation periods to identify different patterns of compliance longitudinally. Despite the limitation of a shorter observation period, in this study poor compliance was a reliable outcome.
Conclusion
Low compliance with periodontal therapy was observed in a private practice patient sample in Greece. Smoking and periodontal disease severity represented significant modifiers of the compliance with SPT and non-surgical therapy respectively. Identifying groups of patients that need additional motivation is of utmost importance to clinicians. However, further studies are needed to verify whether these results are valid in the Greek population. 
Principal findings
Only 5% of the population complied regularly with treatment. Abandonment of SPT was not associated with erratic attendance. Periodontal condition and smoking were significant predictors of the compliance with initial therapy and SPT respectively.
Practical implications
The low compliance and the unpredictability whether a patient will continue to attend SPT underlines the necessity of constant patient motivation. Smoking and mild/moderate forms of periodontal disease should be considered by the clinicians as risk indicators for low compliance. 
